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Outlines

 5G phased array —why phase accuracy is the key
* Analog phase shifters for 5G
e Challenges for Multi-channel phase calibration

* Proposed phase calibration method for 5G phased
array

e Results and conclusions
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5G Beamforming and MIMO

: 4 Vertical
Electrical Tilting Beamforming FD-MIMO

e &
New
)

Massive APAA for
5th-generation
base stations

Current Antenna for
(4G) 4th-generation
base stations

(TS
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Phased Array 2x2 and mxn Channel

2 X 2 channel

ANT1 ANT2

lton
A

m X n channel

l1tom
A

XX XX
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Phased-Array Response
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8 I P' 1k MVIAM
- Y v\ I accuracy;
- I B N
:' i
. | | |l | 1‘
-50 | "
@ 0 -30 30 60 90
Theta Ideq] are proposed.

e More channel/element means
sharper beam and higher gain;

* Demands higher phase shift

* Some 5G testbed, 128 x 128 array
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Phased Array Transceiver Architecture

ANT

M

SPDT LNA  PS ATT

* Key components: Phase shifter, Attenuator

* Key specs: Channel phase consistency, insertion loss
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ldeal multi-channel phased-array

A) Each channel, w. same control word:
* |dentical phase shift amount
* |dentical attenuation amount

B) Phase stays constant when attenuation state
changes, and vice versa
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Actual multi-channel phased-array

A) Each channel, w. same control word:
* Phase shift amount non-identical

e Attenuation amount non-identical

B) Phase changes when attenuation state
changes, and vice versa

Traditionally, need full calibration for each channel.
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Phase Shifter — Analog vs. Digital
" analog Phase Shifter | Digital Phase Shitter

Insertion Loss Lower Higher

Freq Bandwidth Wide Narrow
Phase Resolution <1° (limited by DAC) 5.625° (for 6bit)
Monotonic Response Yes No

Bias Requirement Single positive voltage Need negative bias
IP3 Lower Higher
Multi-channel Phase Yes No

Calibration Ready
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Analog Phase Shifter Work w. DAC

MCU

ROM

Vlref
pBo-DBA [ DAC
: (8-bit)
control 1 vt
o[ [=]ATT=]]

1111111

DBO~DB7: Digital
control word from MCU

Vref: ref voltage for DAC

Vt = D e (Vref), for 8-bit
DAC, D=0to 255/256.
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Sicore MMIC Product Lines
® W @ K 7

b

VCO Freq Div Phase Shifter Equalizer BPF
N o
alAN : o 7 RF IF

B LO
24G TRX Switches ATT Amp Mixers

QFN Plastic

b s, (DIH

gt O

a0

lams ¢

Die QFN Ceramic Evaluation Kits
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Sicore 5G Portfolio

SGRIMEEEILR Q IS : FMREN - FROY - SCRTMBESIS

RIFHS

SIV009SP4 235~27.5 VCO F=RVCO  SGESE 148mA  QFN-24L 4+4 RoHSY

SIV0255P4 27~30 VCo E=HVCO  SGESE 148mA  QFN-24 4+4 RoHSY

SIP0125P4 2-7 EafsiEE 180nmasry | assive 1uA QFN-24L 4%4 RoHSY
MIMO, #gifs

SIPO175P4 18~265  iEilisiEm 360°mmsy Vossve 1uA QFN-24L 4%4 RoHSv
- MIMO. #8ishe

SIPO51SP5 1.8~3.8 ISR 360° ety assive 10uA  QFN-32L 545 RoHSY
S MIMO., #isls

SIPO525P5 3-6 EHIFSIEE 360° sty | Vassive 1uA QFN-32L 545 RoHSY
MIMO, Hi=ls

SIP054SP3 245-31 e 360wy Vassive 1uA QFN-16L 3+3 RoHSY
: MIMO, #gihs

SIE055SP3 2~7 wee w@ver oSV 10uA  QFN-16L 3%3 RoHSY
: MIMO, #8ishe

website: www.sicoresemi.com EDI Booth #: 605
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SIPO52 Analog Phase Shifter — SPECS

G

.'." SiCore o "
sieo12spa o < 7
SH AN &/ME HAME mEAIE B
NERTE E 3 6 GHz
#BiEEE 360 380 deg
AR 3.5 dB
EURARFE (BAMH) 15 dB
Vtig OB JE 0 14 v
Vi (1 E 7R 1 uA
iR E +5 deg
EFMAINER 15 dBm
AR E) 250 ns
LR B B R 0.12 deg/°C
HEREE 26 deg/V
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Measured Results

] _ ~
]
1
| = i
- 1
1
.
1
1
H
.-..--.m ..... L ©
i
i
i
i
1
1
1
1
VVW 1= { - e T gomrm - s - oo w
oo . 1
. . <t 1
! — O !
- _ = | [ELE |
! H i
||||||||||||||||||||||||||||| + 1
i i i [ > _ _ _ i
1 1 1 1 1
IS PR SEPU Nyt . S, \, -SSP - N S a- <
R R S : > >33
1 1 1 1 1 1
1 i ' o . ||
S T S I S W A \ - I S SR paet!
1 1 [ U 1N
! ! L
PR N, \ N, 4 ===
] 1
I N . Wi i F o
] 1
I 1 !
]
!
[ mhh S hl
1 1
1
1 1
|||||| 4
T
o
T P~ M~
I 1 1 1 1
i 1 1 1 1
| 1 1 1 1
I 1 1 1 1
| 1 1 1 1
I 1 1 1 T
; ;
H
1 1 1 1
1 1 1 1
h 1 1 1 1
H 1 1 1 1
B A =) e --F---F @
I 1 1 1 1
I ! ! !
! H H H
| I 1
1
I —~~
! N = = nVU =
_ T eeg°
! O TRTL
s & b s [ Te ]
o= T L
>
i o
“ o
o n o . =]
(O] soe T 2o
A L LILL Ebte
u_. u_. u_. ﬂ. I
1 1
1 1
1 1
1 1
1 1
1 1 “
..... | en ﬂ )
1
1
1
1 1
Il " 1
| . N
: H
T _.r__ 1 O i
o o o T
=1 5]
(o] R
SSO7 uolasu
(6ap) 1ys aseyd (ap) 7 uon, |

Frequency (GHz)

Frequency (GHz)



SiCore
HiE S

B¢

Analog Phase Shifter Product Line: 1-31.5GHz

Frequency Coverage (GHz)

SIP054SP3 ]
SIP052SP5 I

SIPO51SP5 [ ]

SIPO50SP5 [ |

SIP017SP4 ]

SIP016SP4 I

SIPO15SP4 |

SIP014SP4 .

SIP013SP4 |

SIP012SP4 ]

B Ultra-wideband APS 180 deg B Wideband APS 360 deg
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Measured Phase Shift Distribution

b
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-+ 1 1
0 —+= L
b=
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Number of Phase Shifters

2B R B I I8EE R s éhi'fEA}ﬁoL;'nt(deg) 2 3 . .
3-6GHz phase shift amount distribution from a same batch lot at Vi=14V.

Challenges:

« Meet ~1° accuracy with + 5° device phase distribution
* REF channel calibrated data can not directly apply to other channels
» Full calibration for each channel — time, data space consuming

a cyclic convergence process using the regression algorithm to continuously adjust the
phase and attenuation amount for each state of the channel.

Need for Innovated Channel Phase Calibration !
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Multi-channel Phase Calibration Steps

1. Reference channel — full calibration

2. Fast calibration for the rest channels based
on REF channel calibrated data
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Phase shift vs. Vt - different channels @4.5GHz

Channel B, phase shift Py

Phase shift from different channel (deg)
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Channel Phase Calibration Steps
@4.5GHz

<.

DAB:\PB'PA

N A~ O

=Hc-Pa

Phase Shlft Error of Channel C Compared to Channel A

o 1 5 3 4 5 6 7 8 9 10 11 12 13
Vit (V)

Initial Phase shift Error (deg)
o
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Phase shift error after calibration

Phase shift Error (deg)
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-0.5

-1.5

@4.5GHz
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Phase shlft error after callbratlon (channel
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Phase shlft error after callbratlon (channel

C) = L L -

o 1 2 3 4 5 6 7 8 9 10 11 12 13
Vit (V)
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Channel Phase Calibration Steps:
more sections/anchor points

B¢

Dag2=Pg2-Pa2
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a') ] |
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L% 5 } Callbratlon functlon -Bl Bl i ;" | | Callbratlon functlon FZ(DABZ)
= 1(DA31) \ - : : : Reference Channel A
30 ——— : : : : : : e
% f Calibration function F,(Dac,) |

-2 ] ' ' | 5 | é é | | s é P -
é ] Callbratlcbn functlon § i = | DAC\f PeaPaz
£-4 1(DAC1) DACl_PCl PAl \ E s _; | )
c | |
- 6 g g | Phase Shlft Error of Channel C Compared t0 Channel A

1 2 3 4 5 6 7 8 9 10 11 12 13
Vit (V)
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Phase Shift vs Frequency — different channel

13V, channel A, B, C (deg)

Phase shift @Vt

@Vt=13V
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360 :-——————------—————-----——————------——————-----—} —————————————————————— - N
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350 - T T R R TGRRREEEEEEERSEREREES
340 ] T T T 1 1
3 3.5 4 4.5 5 5.5
Frequency (GHz)

* Phase shift difference stays constant over frequency

 Calibrate at a single frequency (e.g. @4.5GHz), apply
to full frequency band.



SiCore
1% 3 S 4

Phase shift error after calibration
@3, 6GHz

B¢

1.5 -
Channel,B, 4.5GHz Channel B, 3GHz |
- :
o
)
)
S
L]
=
<
0
()
0
@© N :
E [ Channel C; 3GHZz =7 N e
Channel C, 6GHz ' channel'c, 45GHz
1.5 +
Q 1 2 3 4 5 6 7 8 9 10 1 12 13
vt (V)

Apply calibration function F(D) @4.5GHz to 3GHz and 6GHz, phase errors stay
within £1°as well
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Conclusions

* Proposed a novel phase calibration method
for multi-channel 5G phased-array

* Achieved lowest time, data space consuming,
while keeping precision of <1°over wideband

* Sicore’s analog phase shifters are the best
candidate for 5G phased array



b

SiCore

o 11035k

References

B. Peterson et al., "5G Fixed Wireless Access Array and RF Front-End Trade-
Offs", Microwave Journal, Feb. 2018.

Microwave Journal webinar: Design Innovations in 5G mmWave FEMs and
Phased Arrays

SIPO52SP5 product datasheet. [Online]. Available:
http://www.sicoresemi.com.

www.mitsubishielectric.com: Massive-element antenna systems
technology for 5G base stations


http://www.sicoresemi.com/

G4 Sicore

Thanks!




